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The invention relates to an electrophoretic display panel, 

comprising: 

- an electrophoretic medium comprising charged particles; 

- a plurality of picture elements; 

S - electrodes associated with each picture element for receiving a potential 

difference; and 

- drive means, 

the drive means being arranged for controlling the potential difference of each of the plurality 
of picture elements: 

10 - to be a reset potential difference having a reset value and a reset duration 

during a reset period, and thereafter 

- to be a grey scale potential difference for enabling the particles to occupy the 
position corresponding to image information and 

- to be a series of shakmg potential difference in between being a reset 
1 S potential difference and a grey scale potential difference. 



The invention also relates to a method for driving an electrophoretic display 
devices comprising a plurality of picture elements in which method reset potential difference 
20 are applied to picture elements of the display device, prior to application of grey scale 

potentials differences to said picture elements and wherein in between application of a reset 
potential difference and a grey scale potential difference a series of shakmg potential 
difference is applied. 

25 

An embodiment of the electrophoretic display panel of the type mentioned in 
the opening paragraph is described in International Patent Application WO 03/079323, 

In the described electrophoretic display panel, each picture element has, during 
the display of the picture, an appearance determined by the position of the particles. The 
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position of the particles depends, however, not only on the potential difference but also on 
the history of the potential difference. As a result of the application of the reset potential 
difference the dependency of the appearance of the picture element on the history is reduced, 
because particles substantially occupy one of the extreme positions before a grey scale 
5 potential difference is applied. Thus the picture elements are each time reset to one of the 
extreme states. Within the ftame-work of the invention the "reset" stands for application of a 
potential difference sufficient to bring an element into an extreme state, but not longer than 
necessary to do so, i.e. the reset pulse is long enough to bring the element into an extreme 
state but substantially no longer than necessary to bring the element into an extreme state. 

10 Subsequently, as a consequence of the picture pot^tial difference, the particles occupy the 
position to display the grey scale corresponding to the image information. "Grey scale" is to 
be understood to mean any intermediate state. When the display is a black and white display, 
"grey scale" indeed relates to a shade of grey, when other types of colored elements are used 
'grey scale' is to be understood to encompass any intermediate state in between extreme 

15 states. 

When the image information is changed the picture elements are reset In 
between application of the reset potential difference and the grey scale potential difference a 
series of shakmg potential differences is applied. In WO 03/079323 Ihese potential 
differences are called "preset potential differences". A shaking potential difference comprises 

20 a pulse with an energy sufficient to release the electrophoretic particle ftom a static slate at 
one of the two electrodes, but too low too reach the other one of the electrodes. The 
imderlying mechanism can be explained because after the display device is switched to a 
predetermined state e.g. a black state, the electrophoretic particles become in a slatic state, 
when a subsequent switching is to the white state, a momentum of the particles is low 

25 because their starting speed is close to zero. This results in a long switching time. The 

application of the shaJdng (or '^resef ) pulses increases the momentuniLof the electrophoretic 
particles. andAus" shortens the switching imie. 

Despite 'ihe.beneficial effect of application^offte shaldng: (or ^'presef ) 
potentiaiidiffeences;, 'iihe-imrentorsJiaYe realized:ihat Aey also a negative effect dunng'tha 

30 chsnge-oiFerfixmjoneimage to anofharat-the end of 'ihe reset^peried... Wlenza. grey-gcale 
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tones to another image having grey tones via a purely black-and-white image which harsh, 
grey toneless image is visible during some time is disturbing to the viewer. 

It is an object of the invention to provide a display panel of the kind mentioned 
in the opening paragraph which is able to provide a more appealing change-over from one 
S image to another. 

The object is thereby achieved that the pliwality of picture elements comprises 
two or more interspersed groups of picture elements, and in that the drive means are 
arranged to supply each group with its own scheme of shaking potential differences, the 
application schemes for shakmg potential differences differing from group to group in such a 

10 manner that the application time period at which the shaking potential difference occurs 
dififers between said groups for at least some transitions, the time difference being at least 
25% of the application time period of the shaking potential differences. The time difference 
may be due to a difference in the onset time of the shaking potential differences, a 
termination time of the shaking potential differences or in the case of shaking potential 

1 5 differences with different duration either the onset or the termination time or both. 

Resetting the picture elements to one of the extreme states requires for 
different picture elements the application of a reset potential. When all elements are reset to a 
black and white image is produced. Thereafter shaking pulses are applied and thereafter the 
grey scale potential differences are applied. 

20 The concept of the invention is to split the plurality of elements into groups of 

elements, wherein for each of the groups of elements this disturbing effect occurs, wherein, 
however, the sum of the effects of the groups alleviates or at least reduce the effect To do so 
the period during which a pure black and white image, i.e. during application of the shaking 
pulses, is visible differs from group to group, and the difference is a substantial part (at least 

25 25%, in preferred embodiment at least 50%, in most preferred embodiment more than 75%, 
preferably 100%) of the length of time during which the black and white image is visible, and 
the groups are interspersed, i.e. when viewed by a viewer from a normal viewing distances 
(i.e. not using a magnifying glass or other such device) the images produced by the different 
groups fuse into one image. Each of the groups, when seen on its own, produces the 

30 disturbing effect of showing a harsh purely black-and-white image in between grey tones 
comprising images. However, since the periods in which this effect is visible differ from 
group to group, for at least some of the transitions, and the groups are interspersed, forming 
one single image for the human eye, the human eye averages the effects of the groups into a 
composite, less disturbing, effect, and a more smooth image change-over results. 
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"Xnterspersed" means that when seen by a viewer from a normal or standard viewing 
distances (roughly 3 times or more the diagonal dimension of the screen) the images by the 
individual groups fuse into one image. Some examples of such interspersed groups are for 
instance groups wherein even rows or even columns belong to one group, and the odd rows 
5 or columns belong to another group. The size of the columns and rows of display devices is 
such that at usual viewing distances they are not individually distinguishable by a viewer, 
therefore a division in groups comprising adjacent rows will fuse the two images into one 
image. Groups may also comprises pairs of columns or rows or altemating bundles 
comprising a small number (1, 2, 3 or 4) of columns or rows, if the dimensions of the rows 

10 and columns are small enough. Also a checker-board pattem of small dimensions may be 
used. Non-interspersed groups are for instance groups wherein one group comprises the left 
hand half of the display screen, and the other the right hand hal:!^ or one group comprises the 
upper half of the display screen and the other the lower half. Such groups cover different 
parts of the display screen and the viewer will simply see the same effect twice, only slightly 

15 different on the upper (right hand) half, then on the lower (left hand) half. To enable an 

effective smoothing effect the time difference is at least 25%, preferably 50% or more than 
the time during which the black-and-white image is visible. 

Preferably the drive means are arranged such that the application schemes for 
application of the shaking potential differences alternate between groups between frames. 

20 The application of shaking signals that differ between groups, has the above 

described positive effect of reducing the harshness of the image change-over. However, 
although application of the shaking pulses in different schemes for different groups has a 
positive effect, it is best if, seen on a longer time scale, all groups of elements have 
substantially the same history of application of shaking potential differences. By altemating 

25 the schemes for application of shaldng potential difference between the groups between 

images, the differences between the groups are minimised. So, if for instance two groups (A, 
B.)_ are_used5_and_two ochemeg I andllare used for application of shaldng potential difference, 

in the. first feme scheme I is used for group A3_and^schemeJI for:group_B,_a3iii2i_thane5d: 

frame schemeJI for group. A and scheme -H forgroup'Bj. returning to scheme -I for group" A 

30 and-SchemeJIffirgmupjE^m the neiitfram^eietc. ¥/i&more:l3i02i±i^o"groupS"p32^ 

rotedoAL^f nc^(?nie(? T^rrmM ba-uRiLd^-^-^i^ -Tji rmm th e iconcsptrof uie knm'Miovf mils midmr.' 
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In one embodiment the drive means are arranged to supply each group with its 
own scheme of shaking potential differences, Ihe application schemes for shaking potential 
differences differing from group to group by a time difference. 

In this embodiment a time difference (delay) is established between 
5 application of the shaking potential differences. The application schemes are for each gtov^ 
basicaUy the same, but are shifted in time by a delay. The application of pulses starts and 
ends at different times for the different groups. This is a simple embodiment, requiring not 
much more than a simple waveform delay which is the same for each waveform. 

Furfher embodiment with different duration of the shaking potential 
10 differences in different groups are given in the examples. 

In the method in accordance with the invention the method is characterized in 
that reset potential differences are appUed to picture elements of the display device, prior to 
application of grey scale potential differences to said picture elements, wherein in between 
plication of reset potential difference and grey scale potential difference shaking potential 
differences are appKed, wherein tiie plmahty of picture elements comprises two or more 
inteispersed groups of picture elements, and in that each group is suppUed witii its own 
scheme of shaking potential differences, the application schemes for shakmg potential 
differences differing from group to group in such manner that the appKcation time period at 
which shaking potential differences occurs differs between said groups for at least some 
transitions, the time difference being at least 25% of the ^Ucation time period of the 
shaking potential differences. 



15 



20 



These and other aspects of the display panel of the invention will be furfher 
25 elucidated and described with rei^ence to the drawings, in which: 

Figure 1 shows diagrammatically a front view of an a display panel; 
Figure 2 shows diagrammatically a cross-sectional view along H-H m Figure 

1; 

Figure 3 shows diagrammatically a cross section of a portion of a further 
30 example of an electrophoretic display device; 

Figure 4 shows diagrammatically an equivalent circuit of a picture display 
device of Figure 3; 

Figure 5A shows diagrammatically the potential difference as a function of 
time for a picture element for one transition; 
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Figure 5B shows diagrammatically the potential difference as a fimction of 
time for a picture element for a further transition; 

Figure 6A shows diagrammatically the potential diEference as a ftmction of 
time for a picture element for a further transition; 
5 Figure 6B shows diagrammatically Ihe potential difference as a fimction of 

time for another picture element for a further transition; 

Figure 7 shows the picture representing an average of the first and the second 
appearances as a result of the reset potential differences, and 

Figure 8 shows the picture representing an average of flie first and the second 
10 appearances as a result of the reset potential differences; 

Figure 9 shows diagrammatically flie potential difference as a fimction of time 

for a picture element; 

Figure 10 illustrate a transition firom an initial grey tone image A to a next 
grey tone image B, via an intermediate black-and-white image I; 
1 5 Figure 1 1 illustrates a first driving scheme; 

Figure 12 illustrates a second driving scheme differing fi»m the driving 
scheme of Figure 1 1 in that a delay time A is added; 

Figure 13 illustrates the effect of two interspersed groups using tiie schemes of 

Figures 11 and 12; 

20 Figure 14 illustrates a furfher embodiment of the invention; 

Figure 15 illustrates different relation between shakmg period times. 
In all the Figures corresponding parts are usually referenced to by the same 
reference numerals. 



25 

Figures 1 and 2 show an embodiment of the display paneLl havmg a first 

gubslrate 8, a second opposed substrate_9 and^aplurality of picture elements 2. Breferabiy, the 
picture elementa2_are arranged, along substantially straightlines in a two-dimensional 
structure. Oiher arrangements- of l2ie . picture elemfisxcs 2 are -al-femati-vely possible^ e.g. a 
30 toy'-"^^-'^"-^^^^'^-'-- -elsgtropharetic medimD-5.hasmig,Gha3ged,paiticl®s 6, ispteBsni... 
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occupy extreme positions near the electrodes 3, 4 and intermediate positions in between the 
electrodes 3, 4. Each picture element 2 has an appearance determined by the position of the 
charged particles 6 between the electrodes 3, 4 for displaying the picture. Electrophoretic 
media 5 are known per se from e.g. US 5,961,804, US 6,120,839 and US 6,130,774 and can 
5 e.g. be obtained from E Ink Corporation. As an example, the electrophoretic medium 5 

comprises negatively charged black particles 6 in a white fluid. When the charged particles 6 
are in a first extreme position, i.e. near the first electrode 3, as a result of the potential 
difference being e.g. 15 Volts, fbc appearance of the picture element 2 is e.g. white. Here it is 
considered that the picture element 2 is observed from the side of tiie second substrate 9. 
10 When the charged particles 6 are in a second extreme position, i.e. near the second electrode 
4, as a result of the potential dififerraice being of opposite polarity, i.e. -15 Volts, the 
appearance of the picture element 2 is black. When the charged particles 6 are in one of the 
intermediate positions, i.e, in between the electrodes 3, 4, the picture element 2 has one of the 
intCTmediate appearances, e.g, light gray, middle gray and dark gray, which are gray levels 
15 between white and black. The drive means 100 are arranged for controlling the potential 

difference of each picture element 2 to be a reset potential difference having a reset value and 
a reset duration for enabling particles 6 to substantially occupy one of the extreme positions, 
and subsequently to be a picture potential difference for enabling the particles 6 to occupy the 
position corresponding to the image information. 
20 Fig. 3 diagrammatically shows a cross section of a portion of a further 

example of an electrophoretic display device 31, for example of the size of a few display 
elements, comprising a base substrate 32, an electrophoretic film with an electronic ink 
which is present between two transparent substrates 33, 34 for example polyethylene, one of 
the substrates 33 is provided with transparent picture electrodes 35 and the other substrate 34 
25 with a transparent counter electrode 36. The electronic ink comprises multiple micro capsules 
37, of about 10 to 50 naicrons. Each micro capsule 37 comprises positively charged white 
particles 38 and negative charged black particles 39 suspended in a fluid F. When a positive 
field is applied to the pixel electrode 35, the white particles 38 move to the side of the micro 
capsule 37 directed to the counter electrode 36 and the display element become visible to a 
30 viewer. Simultaneously, the black particles 39 move to the opposite side of the microcapsule 
37 where they are hidden to the viewer. By applying a negative field to the pixel electrodes 
35, the black particles 39 move to the side of the nodcro capsule 37 directed to the counter 
electrode 36 and the display element become dark to a viewer (not shown). When the electric 
field is removed the particles 38, 39 remain in the acquired state and the display exhibits a bi- 
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stable character and consumes substantially no power. The particles may be black and white, 
but may be also be colored. In this respect it is remarked that "grey scale" is to be understood 
to mean any intermediate state. When the display is a black and white display, "grey scale" 
indeed relates to a shade of grey, when other types of colored elements are used 'grey scale' 
5 is to be understood to encompass any intermediate state in between extreme states. 

Fig. 4 shows diagrammatically an equivalent circuit of a picture display device 
31 comprismg an electrophoretic film laminated on a base substrate 32 provided with active 
switching elements, a row driver 46 and a column driver 40. Preferably, a counter electrode 
36 is provided on the film comprising the encapsulated electrophoretic ink, but could be 

10 alternatively provided on a base substrate in the case of operation using in-plane electric 

fields. The display device 31 is driven by active switching elements, in this example thin film 
transistors 49. It comprises a matrix of display elements at the area of crossing of row or 
selection electrodes 47 and column or data electrodes 41. The row driver 46 consecutively 
selects the row electrodes 47, while a colunm driver 40 provides a data signal to the column 

1 5 electrode 41 . Preferably, a processor 45 firstly processes incoming data 43 into the data 
signals. Mutual synchronization between the colunm driver 40 and the row driver 46 takes 
place via drive lines 42. Select signals fi*om the row driver 46 select the pixel electrodes 42 
via the thin film transistors 49 whose gate electrodes 50 are electrically connected to the row 
electrodes 47 and the source electrodes 51 are electrically connected to the column electrodes 

20 41 . A data signal present at the column electrode 41 is transferred to the pixel electrode 52 of 
the display element coupled to the drain electrode via the TFT. In the embodiment, the 
display device of Fig.3 also comprises an additional capacitor 53 at the location at each 
display element 48. In this embodiment, the additional capacitor 53 is connected to one or 
more storage capacitor lines 54. Instead of TFT other switchmg elements can be applied such 

25 as diodes, MIMA'S, etc. 

As an example the appearance of a picture element of a subset is light gray, 
denoted bb G2,.before application of the reset potential difference. Furthermore, the picture 

appearance corresponding to the image_infQrmation of the same^pictore element is dark^gray, 
denateAas_ Cxi. Forraiis-ejiample/ihe.potenti^ 
30 'fiiTicti o-n o f 'Hrngirs Mgiirt^SA... THe resetpotential._diSerence haa e.g^ a..valiie_of 15 Volts andz 
IS -r^^>r., ^m fb^^mirrn-^t i to tiSBai^, % beingih^ m'^rimiim jracat dniCMcm^ i.e. me re^iet p^rmd 



PHNL040147EPP 



9 19.02.2004 
fixMn time U to time ts (Pgrey-scaie driving) andhas a value of e.g. -15 Volts and a dumtion of e.g. 
150 ms. As a result the picture element has an appearance being dark gray (Gl), for 
displaying the picture. In between application of the reset potential difference and the grey 
scale potential difference a series of shaking potential difference is applied between ta and t4, 
indicated in the figure by PghaMng. 

As a further example the potential difference of a picture element is shown as 
a function of time in Figure 5B. The appearance of the picture element is dark gray (Gl) 
before application of the reset potential difference. Furtiiermore, the picture appearance 
corresponding to the image information of the picture element is li^ gray (G2). The reset 
potential difference has e.g. a value of 15 Volts and is present fiom time ti to time t2. The 
reset dumtion is e.g. 150 ms. As a result tiie picture element has an appearance being 
substantially white (W). The grey scale or picture potential difference is present from time U 
to time ts (Pgrey scale driving) andhas e.g. avalueofe.g. -15 Volts and a duration of e.g. 50 ms. 
As a result the picture element has an appearance being light gray (G2), for displaying the 
picture. During the shaking period Pshaidng a series of shaking potential difference is applied. 

In another variation of the embodiment the drive means 100 are further 
arranged for controlling the reset potential difference of each picture element to enable 
particles 6 to occupy the extreme position which is closest to the position of the particles 6 ') 
which corresponds to the image information. As an example the ^earance of a picture 
element is Ught gmy (G2) before appUcation of tiie reset potential difference. Furthermore, 
the picture appearance corresponding to the imag^ information of the picture element is dark 
gray (Gl). For this example, the potential difference of the picture element is shown as a 
fimction of time in Figure 6A. The reset potential difference has e.g. a value of -15 Volts and 
is present from time ti to time ta. The reset duration is e.g. 1 50 ms. As a result, the particles 6 
occupy flie second extreme position and the picture element has a substantially black 
^earance, denoted as B, which is closest to the position of the particles 6 which 
corresponds to the image information, i.e. the picture element 2 having a dark gray 
appearance (Gl). The grey scale or picture potential difference is present from time t4 to time 
ts and has e.g. a value of e.g. 1 5 Volts and a duration of e.g. 50 ms. Again, a series of shaking 
pulses is applied during Pshaidng. As a result the picture element 2 has an appeaiance being 
dark gray (Gl), for displaying the picture. As another exanq>le the appearance of another 
picture element is light gray (G2) before application of the reset pot^tial difference. 
Furthermore, the picture appearance corresponding to the image information of this picture 
element is substantially white (W). For this example, tiie potential difference of the picture 
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element is shown as a ftinction of time in Figure 6B. The reset potential difference has e.g. a 
value of 1 5 Volts and is present from time ti to time ±2. The reset duration is e.g. 50 ms. As a 
result, the particles 6 occupy the first extreme position and the picture element has a 
substantially white appearance (W), which is closest to the position of the particles 6 which 

5 corresponds to the image mformation, i.e. the picture element 2 having a substantially white 
^earance. The picture potential difference is present from time U to time ts and has a value 
of 0 Volts because the ^earance is already substantially white, for displaying the picture. In 
this case it is not necessary to use shaking pulses, the particles do not necessarily have to be 
shaken. {i.e. optional, could be if desired}. For transition in which Ihe final grey scale is an 

10 extreme state (Black or white), it is not needed that a grey scale potential difference is 

applied after resetting, since the element is, after resetting, m the intended optical state. For 
such transitions, it is not needed, nor generally useftd to use shakmg pulses. For Iransitionbs 
m which the origmal optical state (i.e. before possible appUcation of a reset pulse) equals the 
final state, it is not needed to use reset pulse, consequentiy there is no need for shaking 

15 pulses. Within the framework of the invention transitions are compared in the respective 
groups that do use shaking pulses, the periods Pshake for groups are compared to each other, 
and a difference is determined. 

In Figure 7 the picture elements are arranged along substantially straight Imes 
70. The picture elements have substantially equal firat appearances, e.g. white, if particles 6 

20 substantially occupy one of the extreme positions, e.g. the first extreme position. The picture 
"elements have substantially equal second ^earances, e.g."black, if particles 6 substantially 
occupy the other one of the extreme positions, e.g. the second extreme position. The drive 
means are further arranged for controlling the reset potential differences of subsequent 
picture elements 2 along on each line 70 to enable particles 6 to substantially occiqjy unequal 

25 extreme positions. Figure 7 shows the picture representing an average of the first and the 
second appearances as a result of thejeset potentiaLdifferences. The picture represents 

substantially nsiddle^gray. 

In Figure 8 the^picture elements 2 are arranged along substantially straight 
rows-71 anialong substantialiy-Strsji^-Lcoltmms_72 being substantially psrpendicular to ;the 
30 rowsin a.'ie/o-dimsnsional-S-imctu3S, each xowll hasring a predetermined -fiistiiumber-of 
picti3ErstemQnfi3,..e.g. iinliigaEsiS^sadi .3olumn_72"haxdag a prsdaterminsd ssssiidjimnbsr 
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e.g. black, if particles 6 substantially occupy the other one of the extreme positions, e.g. the 
second extreme position. The drive means are fiirther arranged for controlling the reset 
potential differences of subsequent picture elements 2 along on each row 71 to enable 
particles 6 to substantially occupy unequal extreme positions, and the drive means are 
further arranged for controlling the reset potential differences of subsequent picture elements 
2 along on each column 72 to enable particles 6 to substantiaUy occupy unequal extreme 
positions. Figure 8 shows the picture representing an average of the first and the second 
appearances as a result of the reset potential differences. The picture represents substantially 
middle gray, which is somewhat smoother coinpared to the previous embodiment. 

In variations of the device the drive means are further arranged for controlling 
the potential difference of each picture element to be a sequence of preset potential 
differences before being the reset potential difference. Preferably, the sequence of preset 
potential differences has preset values and associated preset durations, Ifae preset values in the 
sequence alternate in sign, each preset potential difference represents a preset energy 
sufficient to release particles 6 present in one of the extreme positions firom their position but 
insufficient to enable said particles 6 to reach the other one of the extreme positions. As an 
example the appearance of a picture element is light gray before the application of the 
sequence of preset potential differences. Furthermore, the picture appearance corresponding 
to the image information of the picture element is dark gray. For this example, the potential 
difference of the picture element is shown as a function of time in Figure 9. In the exsanple, 
the sequence of preset potential differences has 4 preset values, subsequently 15 Volts, -15 
Volts, 15 Volts and -15 Volts, applied fixMtn time to to time ti. Each preset value is applied for 
e.g. 20 ms. Subsequently, the reset potential difference has e.g. a value of -15 Volts and is 
present firom time ti to time ta. The reset duration is e..g. 150 ms. As a result, the particles 6 
occupy the second extreme position and the picture element has a substantially black 
^earance. The picture potential difference is present fi-om time t3 to time t4 and has e.g. a 
value of e.g. 1 5 Volts and a duration of e.g. 50 ms. As a result the picture element 2 has an 
appearance being dark gray, for displaying the picture. Without being bound to a particular 
explanation for the mechanism underlying the positive effects of application of the preset 
pulses, it is presumed that the application of the preset pulses have the same effect as the 
application of shaking pulses in between reset and grey scale driving potential differences, 
i.e. it inCTeases the momentum of the electrophoretic particles and thus shortens the switching 
time, i..e the time necessary to accomplish a switeh-over, i.e. a change in appearance. It is 
also possible that after the display device is switehed to a predetermined state e.g. a black 
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state, the electrophcttetic particles are "frozen" by the opposite ions sunounding the particle. 
When a subsequent switching is to the white state, these opposite ions have to be timely 
released, which requires additional time. The application of the preset pulses speeds up the 
release of the opposite ions thus the de-fteezing of the electrophoretic particles and therefore 

5 shortens the switching time. 

As explained above, the accuracy of the greyscales in electrophoretic displays 
is strongly influenced by image history, dwell time, temperature, humidity, lateral 
inhomogeneily of the electrophoretic foils etc. Using reset pulses accurate grey levels can be 
achieved since the grey levels are always achieved either ftom reference black (B) or fixmi 

10 reference white state (W) (the two extreme states). The pulse sequence usually consists of 
three to four portions: first shaking pulses (optionally, hereinfurther also called shake 1), 
reset pulse (during Preset), shaking pulses (Pshaidag) and greyscale driving pulses (Pgtey scale 

driving)- 

As explained in the above given exaioples a series of shaking potential 

1 5 differences is used. Application of an reset potential drive the image to a pure black-and- 
white image which is maintained for some period of time, namely during Pshaidng. So, starting 
from an image comprising giey tones and changing over to another image having grey tones, 
an intermediate image of pure black-and-white is visible. This is visible to the viewer. Figure 
10 illustiates the transition, staring ftom a grey tone image A at l^stert reset period, another 

20 grey tone image B is produced at t=end grey scale driving praiod. An intermediate pure 
black-and-white image I is visible during Pghddng. Below the figure an arbitrary harshness 
fector H is schematically indicated. During Pshakhig a harsh image is shown. This is a 
disturbing effect. It is to be remarked that for instance a sli^t lateral shift of a grey tone 
image which otherwise stays the same will produce such an effect. The harsh image is clearly 

25 visible. The reason why this pure black-and-white image is visible is explained by way of 
example inEigure 11. 

The-application schemeB for four transition, ftom White (W) to Dark Giey 
(DG), ftomiight .Grey (LG) to DadcGrey (DG), from DadL grey (DG) to Black (B)" andft»m_ 
Bladc.(B) to DadcgreyCDG) a3:e:^0wii, onabelowfhe o'iiier._EaGkwave form compriaes-a_ 

30 res^ignal^sha2dng:signal (shdkaJ.), andfinally a gEssrsGale-potentiaiidiffersnGe Of,i)smB- - 
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tone image is visible. The elements change to black, and aU elements are black at the end of 
the reset period. At the beginning of the grey scale driving period the optical state of the 
elements changes again up until the end of the grey scale driving period at which point the 
grey tone image B is visible. This scheme shows that during shake 2 (Pshaking) all elements are 
black. During this time period a pure black-and-white image is visible. This is schematically 
shown below the figure. 

Figure 12 shows the scheme of figure 1 1 wilii one change, the appUcation of 
the shakmg potential difference is delayed by a delay time A, in this example by shifting the 
whole of the pulse tiains by a delay time A. As can be seen at the bottom of the figure this 
does not really improve matters. The pure black-and-white image is visible for an equally 
long time period Pshakfag, only delayed by tiie delay A. However, altiiough the visible effect 
for both schemes is flie same, a combmation of flie schemes wherein tiie elements are divided 
in two groups that are so distiibuted over the screen that the human eye sees an average 
image will reduce the effect. 

Schematically this is shown in figure 13. The top part shows schematically the 
harshness index H for the schemes I (figure 11) and H (figure 12), where as explained above 
for each of the groups separately the disturbing visible effect occurs. When the elements are 
split in two interspersed groups the total effect is schematically shown in flie lower half of 
figure 13, showing a much more gradual change between tiie images. In this example the 
delay time is a approximately equal to tiie shaking period To have an e^ct flie delay 

time is at least 25%, preferably 50% or more, more preferably 75-100% or more of the 
shaking period. When A is approximately equal or greater flian P^haidng (and two groups are 
used), then a very gradual change-over may be accomplished. 

Figures 1 1 and 12 iUustiate a simple embodiment of the invention is which a 
simple time delay A characterizes the difference in waveforms of appUed potential 
differences between flie groups. Basically to both groups flie same scheme of reset-shaking- 
grey scale potential difference is applied for each tiransition, only tiie pulse ti-ains are shifted. 
In fliis example two groups are used. Wifliin tiie fiiamework of tiie invention more fhaa two 
groups may be used, where in general, flie more groups are used, flie smooflier flie transition 
may be made, but the more complicated the electronics. 

Such embodiments are relatively simple, but have flie disadvantage fliat as can 
be seen in figure 13, the total transition time is increased, e.g. by flie delay time A. In flie 
example shown flie time difference is a fixed time difference i.e. flie same for all transitions. 
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which is a preferred embodiment. It is remarked that in embodiments the time difference 
could be different for different transitions. 

Figure 14 illustrates an example of an embodiment of the invention in which 
this is not the case. The schemes I and H illustrate for transitions from an initial state to black 
where the initial state is White (W), light grey (G2), and dark grey (Gl), followed by a 
transition to the final grey level Gl. In both schemes the waveform for the application of the 
reset potential difference of longest duration (from White (W) to black (B)) is the same, starts 
at the same lime, and ends at the same time. None of the waveforms for other transitions 
exceed these starting or end points. When comparing the left hand scheme I to the right hand 
scheme H the onset of tiie shaking pulses show a shift in time for aU but flie longest transition 
(W-to-B-to Gl). As a consequence a smoothing effect occurs for all but the longest 
transitions when two interspersed groups using schemes I and H are used. 

In this embodiment the drive means are arranged such that the plication 
schemes between groups (I, II) differ in that a time difference (A') is established between 
groups for transitions (G2-B, Gl -B, B-B) for the onset of the shaking pulses, and for all 
groups application of a combination of a reset potential difference of maxmaum time length 
(W-B) followed by a shaking pulse of length Pshakmg are synchronized within a maximum 
time period having a starting point (tstart) and an end point (tend), and for all groups and 
transitions the application of reset potential differences do not extend beyond said maximum 
time period. The time diEference may be and preferably is of constant length for all 
transitions where a time difference is appHed. This simplifies the difference between the 
schemes I and H. In more complex embodiments the time difference may be dependent on 
the transition. The advantage is that the transition time is not increased, the disadvantage is 
that more complex driving schemes must be implemented. 

It is remarked that figures 1 1, 12 and 14 illustrate embodiments having 
negatively charged white particles and^positive black particles. For the invention it does not 
make a difference whether the white particles are negative charged and the black positively 
or vice veisa^_ 

Figure. 15 illustrates 'the way in wMch^differentshaMngpsriodPshdi^said^ 
p„M..TT maT-overtap or diffc.4t.iie-top-a situatioioa-giveii^T/Mckmay fes compared to the. 
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also lead to a difference A, in this case A=0.5P,h^=p^^. At the bottom a similar situation 
is shown, only the shaking period are synchronized at the end of the shaking periods. In a 
most extreme example of the situations shown in the middle and lower part of figure 15 the 
length of the shaking period P^haken would be zero, i.e. in one of the groups shaking pulses 
would be applied, in the other not. 

When the length of the shaking periods is different, then most preferably the 
schemes are alternated If the length of the shaking periods dffifer, flie longest shaking period 
usually is "the right length", i.e. as long as is needed to get the full effect of the shaking 
pulses. The shorter (or even absent) shaking pulses, if repeatedly applied to the same group 
would, in time, lead to a difference in grey scale between flie groiqjs. By altematmg the 
schemes between groups this effect is removed, since, average over a several image 
transitions, all elements receives the same shaking pulses. 

The application of shaking potential differences that differ between groups, 
has the above described positive effect of reducing the harshness of the image change-over. 
Although using the devices and methods in accordance with the invention a more smooth 
image transition is provided, it is best if, seen on a longer time scale, all groups have 
substantially the same history of application of shaking signals. By alternating the schemes 
foT application of shaking signals between the groups between images, the dil^renci 
between the groups are minimized. So, if for instance two groups (A, B) are used, and two 
schemes I and H are used for appUcation of shaking potential difference, in the first frame 
scheme I is used for group A, and scheme H for groi^ B, and in the next frame scheme U for 
group A and scheme H for groiq) B, returning to scheme I for group A and scheme H for 
group B in the next fiame etc. With more than two groups permutation or rotation of the 
schemes would be used, which within the concept of the mvention falls under "alternating". 
Within preferred embodiments the schemes ate alternated with each change of a frame, 
however, within the broader concept of the invention, the schemes may be alternated each n 
firames, wherein n is a small number such as 1, 2, 3. The ad^^antage of alternating every 
second or thnd frame instead of every fiame is that it is simpler. 

It is remarked that the plurality of display elements divided into interspersed 
groups may cover all of the display screen of the display device and often wiU do so, but such 
is not necessary within a broad concept of the invention, it may relate to apart of a iLger 
screen. For instance if there is a first part of tiie display screen for which the image changes 
regularly and comprises grey tones (e.g. to photographs), while anoflier part of flie display 
screen is used to display pure black and white images (black text on a white background for 
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instance), the invention may be used for the &st part, and not for the second part of the 
display screen. 

In short the invention may be described as follows: 

An electrophoretic display panel (1), comprises a plurality of picture elements 
5 (2); and drive means (100) , for providing reset pulses prior to application of grey scale 

pulses and shaking pulses in between application of reset and grey scale pulses. The display 
panel con^rises two or more interspersed groups of display elements. Each group is suppUed 
with its own scheme (I, D) of shaking potential differences, tiie application schemes for 
shaking potential difiEerences differs ftom group to group in such manner lhat tiie occurrence 
10 of the shaking pulses differs between said groi:5)s for at least some transitions. 

It is remarked that the division in groups may be fixed and the allocation of 
schemes to groups may be fixed, for instance wherein a first scheme of shaking pulses is 
suppUed to even rows of display elements, and a second, different, scheme is used for odd 
rows, tiie groups may be fixed but flie aUocation may vary, for instance between fiames, but 
15 also the groups need not be fixed, for instance wherein in one firame a division is made in two 
groups, comprismg odd rows and even rows respectively, in tiie next firame tiiree groi^ are 
used, etc. etc. 

It will be appreciated by persons skilled in the art tiiat tiie present invention is 
not limited by what has been particularly shown and described hereinabove. The invention 
20 resides in each and every novel characteristic feature and each and every combination of 
characteristic features. Reference numerals in tiie claims do not limit tiieir protective scope. 
Use of tiie verb "to comprise" and its conjugations does not exclude tiie presence of elements 
otiier tiian tiiose stated in tiie claims. Use of tiie article V or "an" preceding an element does 
not ejtclude the presence of a phiialily of such elements. 

The invention is also embodied in any conqiuter program comprismg program 
code means for performing ametiiod in accordance witii tiie invention wheasaid program is 
run on a^computer as well as in any computer prograoL product comprising program code 
means stored on^a computer readable medium for performing a mefliod in^rdance witii 
theimtentim when saiiprogrjmiarun_Q3La^computer,^ 
30 c«nmrisingprognnn^codameaas:fQru» panslin^accordance ^-ntilihe.im^ention^ 
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be implemeoted in hardware, firmware or soiftware, or in a combination of them. Other 
embodiments are within the scope of the following claims. 
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CLAIMS: 



1 - An electipphoietic display panel (1), 

comprising: 

- an electrophoietic medium (5) comprising charged particles (6); 

- a plurality of picture elements (2); 

- electrodes (3,4) associated with each picture element (2) for receiving a 
potential difference; and 

- drive means (100) , 

the drive means (100) bemg arranged for controlhng the potential difference of each picture 
element (2) 

- to be a reset potential difiFetence having a reset value and a reset duration for 
enabling particles (6) to substantially occupy one of the extreme positions, and thereafter 

- to be a grey scale potential difference for enabling the particles (6) to occupy 
the position corresponding to the image information, and 

- to be a series of shaking potential difference in between being a reset 
potential difference and a grey scale potential difference, characterized in that the plurality of 
picture elements comprises two or more interspersed groups (A, B) of picture elements, and 
in that the drive means (100) are arranged to supply each group with its own scheme (I, IT) of 
shakmg potential differences, the application schemes for shakmg potential differences 
differing from group to group in such a manner that the time period (Pshaking,) at which the 
shaking potential difference occurs differs between said groups (I, H) for at least some 
transitions, the time difference (A) being at least 25% of the time period of the shaking 
potential differences (i3^.25Pshaidi«). 

2- An electrophoretic display device as claimed in claim 1, characterized in that 

the time difference (A) is at least 50% of the appKcation thne of the shaking potential 
differences (A^.5Pshakiii^. 



3. 



An electrophoretic display device as claimed in claim 1, wherein 
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the drive means are arranged to supply shaking potential differences such that the application 
schemes for application of the shaking potential differences alternate between groups 
between ftames. 

5 4. An electrophoretic display device as claimed in claim 4, wherein the time 

periods for different groups differ (Pshaki^gi^s^Psiiakmgn)- 

5. An electrophoretic display panel as claimed in claim 1, wherein the drive 
means are arranged to siqpply each group with its own shaking potential differences, the 

10 application schemes for shaking potential differences differing from group to group by a 
fixed time difference (A). 

6. An electrophoretic display panel as claimed in claim 1, wherein the drive 
means are arranged such that the appHcation schemes (1, II) between groups differ in that a 

15 time difference (A') is established between groups for transitions (G2-B, Gl -B, B-B), in 

which the combination of a reset potential difference followed by a shaking pulse of lengfli 
Pshaking is applied during less than a maximum period, and for all groups application of a 
combination of a reset potential difference of maximum time length (W-B) followed by a 
shakmg pulse of lengtii Pshakmg are synchronized within a maximum time period having a 

20 starting point (tstart) and an endpomt (tend), and for all groups and transitions tiie application 
of reset potential differences does not extend beyond said maximum time period (tstarrtend)- 

7. A method for driving an electrophoretic display devices comprising a plurality 
of picture elements in which method reset potential differences are applied to picture 

25 elements of the display device, prior to application of grey scale potential differences to said 
picture elements, wherein inJ>etween applicatiort of reset potentiaLdifference andgrey scale 

potential difference shaking potential differences are applied chaiacterizedin^thatthe 
pluraHly -of pictme-element§xompriaea:fcwo or more interBpersed groups" of pictoe-elements,- 
and-inihateach^groupJB supplied witiiits own mhBmm:M shaldn^pot6ntial..differenceg, 
30 ai^lication achemes for shaking. potemial^diffisrenGes ^Wemis. '&msx.^np t^^ Bocli_a 
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8. A method as claimed in claim 6, wherein the shaking potential dijfferences are 

appKed such that the appKcation schemes for application of the shaking signals alternate 
between groups between frames. 

^ A method as claimed in claim 6, wherein each group is suppHed with its own 

scheme for shaking potential difference, the appUcation schemes for shakmg potential 
differences differing from group to group by a fixed time difference (A). 

1 0. Computer program comprismg program code means for performing a method 
10 in accordance with the method as claimed in claim 7 when said program is run on a 

computer. 

1 1 . Computer program product comprising program code means stored on a 
computer readable medium for performing a method in accordance with the method as 

1 5 claimed m claim 7 when said program is run on a computer. 
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ABSTRACT: 



An electrophoretic display panel (1), comprises a plxxrality of picture elem^ts 
(2); and drive means (100) , for providing reset pvdses prior to application of grey scale 
pulses and for providing shaking potential differences in between application of reset and 
grey scale potential differences. The display panel comprises two or more interspersed 
5 groups of display elements. Each group is supplied with its own scheme (I, II) of shaking 
potential differences, the application schemes for shaking potential differences differ from 
group to group in such manner that the occurrence of shaking potential difference occurs 
differs between said groups for at least some transitions. 
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